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Whistler—-Based ECRH Thruster — Concept g

A thruster using ECRH has no electrodes and, Is thus less sensitive to

materials problems than arc-based thrusters such as the Magneto-Plasma
Dynamic (MPD) arc.

« Rear wall bombardment can
be minimized, by a large
mirror ratlo between the
resonance and peak fleld.
(The flow across the mirror
Is reduced by approximately
the mlrror ratio from that

magnetic field

»

gas injection downfield,) This:
-Gyclolron_resonance. ......... H o Maximlzes efficlency by
Wave minimlzing energy loss to
propagation the wall

o Maximizes litotime by
minimizing materlat
damage
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Cross-field Coupling in the Helicon Approximation 15

+ Coupling Is expected (o be strongest If the magnetic fleld has a smali
gradient. Thus, we consider coupling at the peak of the magnetic mirror.,

There, ac/w, wpla » 1. We Hustrate the coupling at wc/w = 10, {wp/w)2 = 1000.
This is the helicon regime, with :
o? @{@- w cos 0] way cos O

+ The wave characterlstics can be seen from a piot of the squared parallel vs
perpendicuiar Indices of refraction

“Aootnd = K2/ 2 *+ Waves In the upper-right quadrent are
e propagating both along z and radially.
\ These are the waves of Interest

1¥0 .
5'o¥ *  There are two such waves at a glven

b= - 55 T30 parallel Index of refraction, but one Is
Hm\\ n? e k1/02 at very large perpendicular Index of
—1o0k ) L refraction and not of Interest In the
_1501\‘\ finlte-radius plasma column

* The finite-radial geometry wlll pickout
particular values of nj

E8H 1/30.31/92

Wave propagation: ©
Wavequide with helix and plasma column

- Several modes with ditferent radial structure propagale in the system

B = 1800. Couns n = 10012 em® 8= 360cm mw

Y= ~33.00° ¢, = 1.00 b= 1020 cm
Z.OL g T A
& = plasma racius
« heltx radive
[ b = waveguide rachus
¥ = heitx phcn
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Wave structure: Low impedance mode ' )

. Electric field = solld lines, magnetic field .= dashed lines
« Note jump In magnetic {lield corresponding to current flow In helix

radial azimuthal
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Wave structure: High impedance _mode L]

. Electric field = solid lines, magnetic fleld = dashed lines
. Note no Jump In magnetic field corresponding small current flow

radial azimuthal axial

- (008 Sens
P i
e N0 -
-t

o pa———] . B

Re(Es)

PORRT Y
ol = 7A00%e 0}
o 18J04eedl
DR

LNCR A
e8Il Jomm
te{E3) n o a10202 omt
Ty

K = 5700 e#] Dhun

]
1

'

'

1

'
o
‘

)

'

v
by

]

2 Ve
1
L]
[} “ 1, = 1L877s+0¢ Quem
1 T' -
-2

[l

1

]

'

'

"

]

]

]

]

]

t

¥

. 1 * R1400102 O
t T o 1000001 Ohm
+
i
)
i
1
1
+
)
]
*
[
'
]
'
'
'

800 1030
= &= 00006408
o' 100%e-00

Yo 1= 0000000
o ahe L2000
= 1~ 0.0000¢00
e o= .00 +30
S o 10000-08
B 0. 0000000
e 0 11430400
/e = 03

[T ER2]

oot vetes »

Mog{L<}

4 1 2 4 3
¢ {em) o o) v (em) L

NP-TIM-92 1055 NEP: Technology



S étem impedance varies with l ensi 1

* The experiment Is designed to allow tuning of the microwave system

Z
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0.06+0 ,5.00417 1.0e+18 1.50+18 2.0e+18
Density (m=3
orpti ro nanc [

* As the whistler wave approaches the cyclotron resonance, the value of Ky
becomes very large and the phase velocity becomes small

This has two tavorabie consequences for absorption:

0o The direction of pPropagation becomes nearly along the field and at short
wavelength so that reflection is very small

0 The phase velocity becomes comparable to the thermal velocity of the
particles, so that the Doppler-shifted resonance (o - we - kyvey = 0)
couples to the bulk electrons

* Furthermore, there I3 no electromagnetic plasma mode at high density and
@ > oc, 80 the wave cannot tunne! through the resonance

« Absorption Is consequently nearly 100% {or the whistier wave at the
cyclotron resonance

* Absorption at high power will generally generate a nonthermal electron

veloclty distribution, Calculations are needed to quantify this and its
consequences ‘

EBH 1/30-31/92
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Flow sensitivity to electron distribution function
{imits Nlusirate the sensitivity of the

and adlabatic
conductivity and thus to the electron

. The Isothermal
flow to the thermal
distribution function
For ECRH the electron distribution may be ansiotropic and

in nature, with significant consequences for thermal
y ilow, plasma recycling at the rear

nonthermal
conductivity, particle and energ
wall, etc.
Understanding the distribution resuiting {rom the heating, as a
function of plasma density and microwave power, Is thus key to

predicting performance.

a flow
Magnetic field (loop model) Density
S, 1 1 !
," Y B/ Bmax n/n,
A 0.8 0.5
,f’ \\ 0.6 0.2 . /Adilbnlic
:, \‘\‘ 0.1 \_‘\
/' ‘,\ 0.4 XN
I4 \ 0.05 ~..
a2 N
0.02 Isothermal
R 0.01
-3 -2 -1 \ 2 z/0 3 -3 -2 -l [ 1 2 /a2
Flow velocily Electron temperature (adiabatlc)
/e, 1sothermal
1 2 ./ 3
-2 -1 i 2 3/2 3

-3
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ECR thruster modeling: heating and plasma flow

* A particle-in-cell code - ICEPIC — has been used to mode| the
thruster plasma heating and motion along the magnetic fleld

+ Individual particles are tollowed in
approximation

the guiding - center

o Electrons are heated by rf with velocity-space diffusion In

the quasilinear approximation

o For the present cases, the electrons are weakly collisional

o The lon mass Is 100me to speed up caliculations

+ Plasma Is Injected on the side of a magnetic hill and heated up the

hill from the Injection point

* Two cases are compared

Inlected Te Injected T

No ECRH 100 eV 5 eV
ECRH 5 eV 5 eV

Geometry for PIC code model

ECRH

None
Ert = 320 Vicm

]

Magnetic fieid strengths

z(cm) 0 2 3.5 10
B(gauss) 3650 2350 1250 125
B(0)/B 1 1.6 2.9 29
sticky ECRH plasma sticky
will l injection wall
' -
i
@ 3008 :
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Axial Position (cmi
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Electron "temperature” moment in the flow |G|

. The electrons are highly anisotropic even without ECRH
. The electron temperature s highly nonuniform along B
. Strong electron heating by ECRH Is evident perpendicular to B

. No ECRH ECRH
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Densi nd potential are strongly affect ECRH

. Note the rise In potentlial upfield of the ECRH. It reduces the flow of
fons to balance the paB/ds force on the electrons and maintain

quasineutrality
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Electron energy is converted into lon flow G

No ECRH

lon
scatter
plot

Yz (ca/sec)

lon
velocity

S [ Ed 3 o .

fixial Position (cm}

{cm/sec)

vz

<¥> (cm/sec)
=
el
<V> (cm/3ec)

flow he field is suppresse

* The total energy flow Is proportional to

Is a factor of 29 larger at the exit than
No ECRH
S g
o =
. 7. ¢
Electron § §
energy Z .. L
flux Z 18" Z
X X
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Rxiel Position {cm)

ECRH &

the flux bundle area, which

at

the magnetic field peak

ECRH

fxia1 Position tcm)
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Initial experimental tests: preparation &

- Inltlal experlments wlll be conducted at NASA LeRC (tank 7)

o Space has been provided; magnets and SCR controller for puising
microwave power have been sent to LeRC

o Microwave components have been delivered to LeRC

o Vacuum vessel, helical coupler, and gas box have been
constructed and are undergoing final bench tests at LLNL

. First experiments will be directed to forming the plasma and
making preliminary measurements of density, electron temperature

. Subsequent experiments wiil explore the detalls of the plasma for
comparison with modeling

o Electron anisotropy
o Suppression of flow to rear wall
o Efficiency

. Measurements will also be made of the separation of the plasma
plume from the magnetic nozzle

echnolosv



